Circadian rhythms of arterial pressure (AP), heart rate (HR) and oral temperature (OT) were studied in healthy male truck drivers and in a control group of air traffic controllers. Twenty-four-hour records of systolic and diastolic AP and HR and of OT were obtained from 12 truck drivers both during the outward and homeward journey in Europe and Asia, and from 12 air traffic controllers during a morning shift. Data were analyzed by the cosinor method. The results obtained in the control group were as follows (mesor/amplitude/acrophase): systolic AP (mm Hg): 111.1/6.1/16.51 h; diastolic AP. 68.4/5.6/16.58 h; HR (bp.m.): 77.0/7.6/17.46 h; OT (dg C): 36.74/0.21/17.26 h. Statistically significant acrophase advances were observed for the circadian rhythms of systolic, diastolic and mean AP and of HR in TD during the outward journey in comparison with the control ATC group. These differences were still present during the homeward journey, in combination with an acrophase delay of the circadian rhythm of OT Our results supply grounds to suppose that extended working time combined with greater load during a long-lasting trip may act to generate an internal desynchronization of circadian rhythms in long-haul truck drivers
INTRODUCTION
Physiological studies of truck drivers' work are relatively scarce.
"
4 Circadian dysrhythmia is an important factor among many others such as sleepiness and fatigue in the genesis of transport accidents. 5 ' 6 There is evidence for an interaction or a superimposition of the natural decrease of arousal through circadian rhythmicity as well as the operationally-induced fatigue effect causing a depression of arousal in truck drivers. 7 Very little is known about circadian rhythms in truck drivers and their adaptation to different work schedules. 8 Excessive fatigue resulting from overtime work is a potential additional factor which may contribute to increased accident rates. 9 No studies have been done which look at a set of chronobiological parameters of the circadian cardiovascular rhythms in truck drivers and their changes under extended working time or during long lasting trips. The aim of the present study was to investigate circadian rhythms in long-haul truck drivers. Parts of this work have already been presented.
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SUBJECTS AND METHODS
All investigations were done after obtaining informed consent from subjects. Twelve clinically healthy male truck drivers (TD) from the Bulgarian international transport company SOMAT with a mean age of 46.3 ±2.0 years and mean work experience of 12.0 ±2.0 years volunteered for the study. They were investigated during round trips in Europe and Asia lasting up to 4 weeks, under an irregular work schedule due to extended working time during separate daily runs. The control group consisted of 12 clinically healthy male air traffic controllers (ATC) from the Sofia international airport with a mean age of 38.7 ±1.9 years and mean work experience of 13.0 ±2.1 years. They were studied during a 24-hour span including the morning shift (07.00-14.00 h) of a five-day rapidly rotating shift work schedule (morning/afternoon/night/ rest/rest).
Systolic, diagtolic and mean arterial pressure (AP), and heart rate (HR) were measured every 30 min for a 24-h period using ambulatory monitors (Accutracker-Medilog, Oxford). Oral temperature (OT) was measured at approximately 4-h intervals while subjects were awake during the 24-h AP monitoring span, using a mercury maximum thermometer with an accuracy to 0.05°C. A minimum of 5 min sublingual insertion, while the subject was resting, was required. The intake of hot or cold drinks, eating and smoking were not allowed directly before measurement. Measurements started at the beginning of working activities -immediately before 07.30 h for TD or 07.00 h for ATC.
The daily activities of each subject were recorded on a standardized 24-h chart by drawing a continuous line across a grid with rows labelled 'driving' (respectively 'air traffic controlling'), 'other related duties', 'leisure time' and 'sleep', with an accuracy of 12 min. In addition, the sleep quality was noted on a visual analogue scale giving scores ranging from 0 ('very bad') to 100 % ('very good').
The measurements of OT and diary records were taken by the subjects themselves (who were given special training), under the control of an accompanying medical investigator whenever possible.
Each truck driver was studied three-fold -immediately after the beginning, during and before the end of the round trip span. The data obtained during the outward journey (mainly during the first three days after departure) were combined for statistical analysis and compared with both control data and data obtained during the homeward journey (mainly during the last three days before arrival). Three out of the 36 24-h records were excluded because of measurement failures.
All 24-h data were analyzed according to the single and the population cosinor methods. 11 Cosinor parameters were compared using Student's t-test.
RESULTS
The daily activities of the two groups were as follows:
Air traffic controllers: Air traffic control and other related duties -6 h 28 min (27% of the 24-h span); leisure time -9 h 34 min (40%); and sleep -7 h 58 min (33%), with a sleep quality of 58.7 ± 7.2%.
Truck drivers: Driving and other related duties -12 h 58 min (54%) (p < 0.001 in comparison with ATC); leisure time -4 h 54 min (21%) (p < 0.001); sleep -6 h 08 min (29%) (p < 0.001), and a sleep quality of 65.8 ±3.4% (p>0A).
The results from the cosinor analysis are shown in Tables 1-3 . Statistically significant acrophase advances were observed for the circadian rhythms of systolic (p Table 1 . Circadian parameters in air traffic controllers (control group). The data were determined by applying the cosinor method to time series (n-12) obtained from twelve subjects and are expressed as mean±SEM for mesor, and mean and 95% confidence limit for amplitude, acrophase and peak hour when p < 0.05. Table 2 . Circadian parameters in truck drivers during the outward journey. These data were determined by applying the cosinor method to pooled time series (n = 16) obtained from 12 subjects and are expressed as mean ± SEM for mesor, and mean and 95% confidence limit for amplitude, acrophase and peak hour when p < 0.05. Table 3 . Circadian parameters in truck drivers during the homeward journey. These data were determined by applying the cosinor method to pooled time series (n= 17) obtained from twelve subjects and are expressed as mean±SEM for mesor, and mean and 95% confidence limit for amplitude, acrophase and peak hour when p < 0.05. <0 .01; r = 2.84), diastolic O < 0.05; f=2.17) and mean AP (j> < 0.05; t = 2.31) and of HR (p < 0.05; t = 2.38) in TD during the outward journey, in comparison with the control ATC group. Larger amplitudes of the circadian rhythms of systolic (p < 0.005; t -3.53), diastolic (p < 0.005; t = 3.56) and mean AP (p < 0.001; t -3.91) were found in TD. These differences were still present during the homeward journey (p < 0.05 or less for all cases), in combination with an acrophase delay of the circadian rhythm of OT (J>< 0.05; f=2.19).
Parameter
DISCUSSION
The work load of truck drivers was significantly greater than that of the control ATC group. This was combined with less leisure time and less sleep. These factors are known to produce excessive fatigue and an increased accident rate. 9 The majority of the parameters of the cardiovascular circadian rhythms in the control group were very close to already published data for healthy subjects of a similar age. 12 The smaller AP amplitudes in ATC are similar to those observed in railway traffic controllers, 13 probably as a consequence of the rapidly rotating shift work system used. Our results demonstrate a lack of significant effect of a heavier daily work schedule on the mesor of the circadian rhythms of AP, HR and OT in long-haul truck drivers. In contrast, the work schedule induced either a phase advance (AP, HR) throughout the round trip, or a phase delay (OT) during the homeward journey in the circadian rhythms studied.
The cosinor parameters of the OT circadian rhythm in controls and in TD during the outward journey are very similar to those reported in subjects under normal conditions.
14 The phase delay of the OT rhythm observed during the homeward journey resembles the effect of night work after six to twelve night shifts. 14 ' 15 It is accepted that any overt (measured) circadian rhythm is an inexact reflection of the internal timing mechanism ('clock')-This imprecision probably arises from different types of disturbing influences of the environment. Effects directly due to the environment are referred to as 'masking'.
14 ' 16 Humans generally arrange their lifestyle in such a way that potential masking effects (e.g., activity, eating, social factors, sleeping, light) are synchronized by the daily routine.
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The acrophase changes observed might be due either to a direct masking effect of factors such as greater work load and extended working time, or to a desynchronization in the circadian regulatory system. Our data are not sufficient to explain die mechanism of the main finding in this study -the opposite acrophase changes in the cardiovascular circadian rhythms from one hand, and the temperature rhythm -from the other, observed during the homeward journey. A cumulative effect of excessive fatigue due to the extended working time 9 may contribute for this phenomenon. Additional field and/or simulation studies, and the use of a purification method to estimate the 'unmasked' circadian rhythms 17 are probably necessary to prove this assumption. Our results supply grounds to suppose that extended working time combined with greater load during a long-lasting trip may act to generate an internal desynchronization of circadian rhythms in long-haul truck drivers. The circadian dysrhythmia may play a role of a risk factor in die genesis of transport accidents during day-time work, similar to the effect of night work 5 ' 7 or sleep-disordered breathing and obesity 18 in truck drivers.
